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LOCAL SKIN FRICTION COEFFICIENTS AND BOUNDARY-LAYER PROFILES
OBTAINED IN FLIGHT FROM THE XB-70-1 AIRPLANE
AT MACH NUMBERS UP TO 2. 5
David F. Fisher and Edwin J. Saltzman
Flight Research Center
INTRODUCTION
Accurate prediction of skin friction drag is extremely important in the design of
supersonic cruise aircraft. On a typical supersonic cruise airplane, for example,
skin friction can account for as much as 30 percent to 40 percent of the total drag at
cruise conditions. Because the range of an airplane is directly dependent on its lift-
drag ratio, a seemingly small underestimation of the skin friction drag would result
in the actual range of the vehicle being smaller than expected.
In the past, skin friction estimates were based on wind-tunnel-derived data and
semiempirical expressions. These data and expressions covered a wide range of Mach
numbers, Reynolds numbers, and stagnation temperatures, but usually did not account
for effects of longitudinal pressure gradients, surface roughnesses, or upstream flow
conditions. In addition, wind tunnels could not simultaneously simulate the Mach num-
ber, Reynolds number, and stagnation temperature conditions that would be experi-
enced in flight by a supersonic cruise vehicle.
Because of these simulation deficiencies, the NASA Flight Research Center con-
ducted a flight-test program with the XB-70-1 airplane to measure local skin friction
and the associated turbulent boundary layer in a "real" environment. The large size
and Mach number capability of the airplane enabled these measurements to be made at
flow conditions that would be encountered by a supersonic cruise vehicle. Thus the
flight data taken during this investigation will supplement existing wind-tunnel data and
semiempirical expressions which have been extrapolated to the flight conditions of a
supersonic cruise vehicle.
This report presents the skin friction coefficients and turbulent boundary-layer
profile data obtained in the flight study. The flights were made at Mach numbers up
to 2. 5 and Reynolds numbers up to 3. 6 X 10^ based on the length of the run. Stagnation
temperatures were as high as 488° K (878° R). Also included are the in-flight surface-
pressure distributions obtained on the right wing for the region ahead of the boundary-
layer sensor complex, and the skin temperature measured at each sensor complex.
Wind-tunnel surface-pressure-distribution data obtained from an XB-70-1 model at
locations corresponding to the regions directly ahead of each boundary-layer sensor
complex are also presented.
The in-flight local skin friction coefficients and boundary-layer data are compared
with the flat plate relationship of von Karman-Schoenherr. The basic velocity profile
data are tabulated so that other prediction techniques may be applied and the results
compared with the flight measurements.
SYMBOLS
Physical quantities in this report are given in the International System of Units (SI)
and parenthetically in U. S. Customary Units. The measurements were taken in
U. S. Customary Units. Factors relating the two systems are presented in reference 1.
Cf local skin friction coefficient, —
P-PooC pressure coefficient,
00
c chord length, m (ft)
d diameter of rake pitot probe, cm (in.)
Hf flight-measured boundary-layer shape factor, -rr
H boundary-layer shape factor for a flat plate
k constant, 20.05 m/seq (49. 02 ft/se° )
('K)1/2 (°R)V2'
I length of airplane, 56. 62 m (185. 75 ft)
M Mach number
9 Op static pressure, N/m^ (Ib/ft )
q dynamic pressure, (y/2)M2p, N/m2 (lb/ft2)
Rx Reynolds number based on distance, x
RQ Reynolds number based on momentum thickness
r radius of surface at rear fuselage boundary-layer rake location,
45.7 cm (18 in.)
T local static temperature, except when used with subscript or
superscript, °K (°R)
T' reference temperature (ref. 2), °K (°R)
Tr recovery temperature, T (l + 0.176M 2j, "K (°R)
Tt total or stagnation temperature, °K (°R)
TW wall (skin) temperature, °K (°R)
t time during flight, hrrmin
u local velocity, m/sec (ft/sec)
1 /2
u^. friction velocity, (r/p') , m/sec (ft/sec)
w width of rake strut
x distance from nose apex along airplane centerline or from wing
leading edge along a chord line, m (ft)
y distance from surface to rake probe centerline, cm (in.)
01 indicated airplane angle of attack, deg
y ratio of specific heats for air, 1. 4
6+ boundary-layer thickness where — =1.00, cm (in.)
ul
*
0 displacement thickness of boundary layer, cm (in.)
9 momentum thickness of boundary layer, cm (in.)
/n absolute viscosity based on reference temperature
fij absolute viscosity based on edge temperature
s
v' kinematic viscosity based on reference temperature, <-,
p local mass density
p' mass density based on reference temperature
p.. mass density based on edge temperature
T surface friction stress, N/rar (Ib/ft )
— over a quantity denotes flat plate and zero longitudinal pressure
gradient
o over a quantity indicates a curved surface
Subscripts:
c for curved surface
fb determined using skin friction force balance method
i incompressible
pp determined using Preston probe method
rake determined using rake method
1 edge condition
oo free-stream condition
TEST'FACILITY
Aircraft Description
The XB-70-1 airplane, designed as a long-range, supersonic cruise airplane, was
the testbed for this experiment. The airplane was 56. 62 meters (185. 75 feet) long
and had a wingspan of 32 meters (105 feet). Although it was capable of speeds up to
Mach 3 at an altitude of 21, 000 meters (70, 000 feet), it was limited to a Mach number
of approximately 2. 5 for the flights of this study. Gross takeoff weight was approxi-
mately 227, 000 kilograms (500, 000 pounds). The airplane had a thin, low-aspect-
ratio, 65. 6° sweptback delta wing with folding tips, twin vertical stabilizers, and a
movable canard with trailing-edge flaps. Its propulsion system consisted of a twin-
inlet, six-jet-engine package mounted on the undersurface of the wing and fuselage. A
more detailed description of the airplane is included in reference 3. A photograph of
the airplane is shown in figure 1, and a three-view drawing, with pertinent dimensions,
is presented in figure 2.
Location of Boundary-Layer Sensor Complexes
Skin friction boundary-layer complexes were installed at three locations on the
airplane: two on the fuselage (one on the lower surface of the nose and another on the
upper surface of the rear fuselage); and a third on the upper surface of the right wing.
The locations of these complexes are shown in figure 2.
Upstream Surface Areas
Photographs of the surface areas on the airplane ahead of the three sensor com-
plexes are shown in figure 3. The principal surface protuberances ahead of the nose
complex are the nose boom, the flow-direction vanes, and their supporting shafts
(fig. 3(a)). The lower fuselage skin (fig. 3(b)) was quite smooth.
Ahead of the rear fuselage complex, protuberances that would disturb the flow
included a canard and three rear-facing vents (figs. 3(c) and 3(d)), the canopy and
nose visor, and the nose-boom and flow-direction vanes mentioned before. The sur-
face forward of this complex had many screwheads, some of which protruded approxi-
•mately 1.2 millimeters (3/64 inch) (figs. 3(e) and 3(f)). However, the surface
6.7 meters (22 feet) immediately ahead of the complex was smooth, painted metal
without screwheads.
Directly ahead of the wing rake, a chordwlse distribution of flush static orifices
was provided by an installation and fairing technique described in reference 4. This
faired surface was very smooth, with no gaps, lap joints, or protuberances. However,
about 45 centimeters (18 inches) on each side of the row of orifices, the aircraft skin
had various types of lap joints, rivet heads, and other roughnesses, some protruding
as much as 1.6 millimeters (1/16 inch). These surfaces are shown in figures 3(c),
3(f), and 3(g).
INSTRUMENTATION
Air Data Parameters
On the XB-70-1 airplane, Mach number was measured with a pitot-static probe
mounted on the nose boom. This probe and its flight calibration are described in
reference 5. Also mounted on the nose boom were balsa vanes that measured angle
of attack and angle of sideslip. A photograph of the nose boom showing the pitot-
static probe and the balsa vanes is presented in figure 3(a). Free-stream total tem-
perature was measured with a dual-range total-temperature probe mounted beneath the
engine inlet.
Description of Boundary-Layer Sensor Complexes
Each of the three skin friction boundary-layer complexes consisted of a boundary-
layer rake, a Preston probe, a skin friction force-balance, a flush static-pressure
orifice, and a thermocouple..
The boundary-layer rake at the nose sensor complex was mounted on the lower
centerline of the forward fuselage, 5. 5 meters (18.2 feet) behind the juncture of the
nose boom and fuselage. This rake, the Preston probe, the static-pressure orifices,
and the skin friction force balance are shown in figures 4(a) and 4(b). The friction
force balance was approximately 28 centimeters (11 inches) directly forward of the
Preston probe. The thermocouple that measured skin temperature was nearby on the
inside skin surface.
At the rear fuselage complex (figs. 5(a) and 5(b)), the boundary-layer rake was
mounted on the upper fuselage centerline 43.5 meters (142. 8 feet) behind the nose-
boom—fuselage juncture. The skin friction force balance and the Preston probe were,
respectively, to the left and right of the rake looking rearward. The flush static-
pressure orifice was between the Preston probe and the rake, and the skin temperature
thermocouple was nearby on the inside skin surface.
The rake at the wing sensor complex was on the right wing, 4.4 meters (14. 3 feet)
from the airplane centerline and 15.6 meters (51.1 feet) behind the wing chord leading
edge. A photograph of this sensor complex is shown in figure 6. At this complex, two
different locations were used for the friction force balance, but only one was used at a
time. The Preston probe and static-pressure orifice are also shown in the photograph.
The skin temperature thermocouple was slightly inboard of the Preston probe on the
inside surface of the skin.
Pressures from the rake, Preston probe, and static-pressure orifices, the force
balance and thermocouple outputs, and many other aircraft parameters were recorded
by a puls j code modulation (PCM) and a magnetic tape data recording system. The
data acquisition system is described in detail in references 6 to 10.
Skin Friction Force Balance
A small, commercially developed, liquid-cooled force balance was used in this
investigation. The balance was calibrated before and after each flight, using the air-
plane1 s recording system, by applying known forces along the sensitive axis of the
balance. The balances had a sensitive area of 0.694 square centimeter (0.108 square
inch). The sensitivity of the balances for the flights of this study was 1 gram per
square centimeter (2. 05 pounds per square foot) for the nose and rear fuselage sensor
complexes and usually 2 grams per square centimeter (4.10 pounds per square foot)
for the wing complex. Previous use of this type of skin friction force balance in flight
is described in reference 11.
Boundary-Layer Rakes
A drawing of the wing rake, which was similar to the other rakes used in this
experiment, is shown with some design criteria in figure 7. The rake consisted of a
stainless steel strut with a 15°-wedge-angle leading edge and a semicircular trailing
edge. The wing and rear fuselage rakes had 11 probes with an outer diameter of
0.318 centimeter (0.125 inch) and a pitot-static probe with an outer diameter of
0.475 centimeter (0.187 inch). The nose rake had nine probes with an outer diameter
of 0.152 centimeter (0. 060 inch). The leading edges of all the probes on the wing and
rear fuselage rakes were chamfered internally 30°. The distances of the probes from
the airplane skin for these rakes are presented in table 1. A rake with the same
dimensions as the wing rake and two smaller rakes with the same proportions were
evaluated in the NASA Ames Research Center's Unitary Plan Wind Tunnel. Parameters
derived from these rakes in supersonic flow compared well with data from a single
traversing probe, as reported in reference 12.
Preston Probes
The Preston probes (figs. 4 to 6) used in this flight investigation were surface
impact-pressure tubes similar to those suggested by Preston in reference 13 and
used in the study of reference 14. The leading edges of the cylindrical tubes or
probes were squared off perpendicular to the tube axis and were free of burrs. The
probes had an outer diameter of 0.635 centimeter (0.250 inch) with an inside-to-outside-
diameter ratio of 0.6; they were 6. 35 centimeters (2. 5 inches) long. The calibration
in reference 14 was used to derive the skin friction coefficients.
Pressure Transducers
Because relatively high temperatures were experienced, special differential-
pressure transducers of the linear variable differential transformer type were used.
These transducers were designed to withstand and operate reliably at temperatures
up to 316° C (600° F). They were mounted beneath the airplane skin close to each
rake to keep the pressure lines short and to minimize lag effects.
The transducers were referenced to a nose-boom static pressure. This pressure
was monitored by a high-resolution absolute-pressure transducer, which was kept in
a carefully controlled temperature environment.
Thermocouple s
Chromel-alumel thermocouples were placed at each complex to measure local skin
temperature. Thermocouples were also used to measure the temperature of one
pressure transducer of each cluster of transducers as well as the temperature of each
skin friction balance. Thus it was assured that these instruments remained within
tolerable temperature limits during the flights of this study.
DATA REDUCTION
Data for processing were selected from steady-state flight (that is, time segments
when aircraft velocity and altitude were essentially constant) to minimize the effects
of lag. After the steady-state portions of the flights were identified, digital data were
selected at the rate of four data points per second. These data were then averaged
for 30 time points, or a total of 7. 5 seconds for each data point presented in table 1.
Using the information given in reference 15, the impact pressures within and beyond
the boundary layer were combined with the corresponding local surface static pressure
to obtain values of local Mach number. The usual assumption was made that static
pressure was constant through the boundary layer. Evidence to support this assumption
was obtained by comparing the pressure values obtained from the flush orifice with
those from the rake tip pitot-static probe for the wing and aft fuselage sensor complexes.
Local velocities were computed from Mach numbers by using the following expression
and assuming that the total-temperature distribution through the boundary layer was
constant and equal to the free-stream value:
u= kM
where
u is in m/sec (ft/sec)
k = 20.05^c (49_ 02 ft/sec }
(°K)1/2 <°R)1/2
Tt is in °K (°R)
Momentum thickness, 9, and displacement thickness, 6 , were calculated from
the following flat plate relationships for the nose and the wing sensor complexes:
0 =
At the nose and wing complexes, the boundary-layer thicknesses were small in
comparison to the local surface radius of curvature; therefore, negligible error was
introduced by using flat plate relationships. However, at the rear fuselage complex
the boundary-layer thicknesses were not small compared to the local surface radius
of curvature, so it was necessary to use the following three-dimensional relationships:
Local skin friction coefficients were obtained from the flight data by three different
methods. In the first method, a direct measurement, a small force balance measured
the drag of a small exposed element set flush in the skin. In the second method, the
Preston probe technique described in reference 13 was combined with the calibration
for compressible flow effects given in reference 14. In the third method, which made
use of the rake, local skin friction was determined through an adaptation of the Clauser
technique (ref. 16) in which local skin friction is derived from boundary-layer pro-
files. The charts in reference 17 were used to adapt this method to compressible flow
conditions. The latter two methods depended on the universal nature of the wall law to
provide local friction coefficients.
RESULTS AND DISCUSSION
The measured boundary-layer velocity profiles and the values calculated from
these profiles are tabulated in tables 1 and 2.
Comparison of Methods Used To Determine Local Skin Friction
The flight-derived values of skin friction determined by using the three methods-
force balance, Preston probe, and rake—are presented and compared in figure 8. In
the data from the nose sensor complex (fig. 8(a)), the values from the Preston probe
tend to be higher than those from either the force balance or the rake. As was shown
in figure 4(a), the Preston probe and friction force balance were displaced slightly
from the lower centerline, whereas the rake was on the centerline. This, combined
with the blunt (not chamfered) leading edge of the Preston probe, may have caused
some crossflow effects in the Preston probe data. When the rake-deter mined coeffi-
cients were plotted against the force balance results, the data were scattered about
the line of perfect agreement; however, the scatter was large.
At the rear fuselage location (fig. 8(b)), the values found with the three methods
agreed well, but only a few data points were obtained using the force balance. The
values for the rake method and those for the Preston probe method were in good agree-
ment, even though the Preston probe was displaced from the centerline. This agree-
ment would seem to indicate that crossflow was not a factor at this location.
At the wing location (fig. 8(c)), the data were scattered about the line of perfect
agreement when the skin friction coefficients determined with the Preston probe and
rake methods were plotted against the force balance results. The scatter is quite
large for the relationships that include the force balance results, probably because
the force balance used for most of the measurements at the wing was less sensitive
than those installed at the nose or rear fuselage. The use of this balance was uninten-
tional, but necessitated by the schedule of flights and the unavailability of other balances.
The agreement between the results from the rake and Preston methods was excellent.
Small skin friction force balances like those used in this experiment must be kept
free of dust, lint, water, and fuel to operate reliably. Where it has not been possible
to maintain this degree of cleanliness or where sufficient cooling has not been available,
data and experience have shown that the Preston probe and rake techniques could be
substituted for the more direct balance approach on a full-scale vehicle. In addition,
the installation of a friction force balance requires space to a depth of about 5 centi-
meters (2 inches) below the skin. Where this space is not available, use of the Preston
probe and rake would be advantageous.
Velocity Profiles
Typical turbulent velocity profiles for the three locations are presented in figures
9(a) to 9(c). These velocity profiles were time-averaged from 30 discrete time points
lasting 7. 5 seconds during steady-state flight. Thus any short-period pressure fluc-
tuations were eliminated.
In figures 10(a) to 10(c) representative data are plotted in the Sommer and Short T' •
form of the law of the wall. These plots represent profiles from the three complexes;
the data are plotted three times for each complex, once for each method of determining
skin friction. The friction coefficients determined from the results of the rake method
were derived by using the velocity profiles. Since the rake method is based on the law
of the wall, it was not surprising to find good agreement between the flight data and
the values predicted by the theory of reference 18 in the logarithmic portion of the
boundary layer. These plots distinctly show the logarithmic portion of the boundary
layer. The tendency of the data in the semilogarithmic region to agree in magnitude
with the theoretical data, instead of being below and parallel with them, suggests,
.according to Clauser (ref. 16) and Prandtl (ref. 19), that surface roughness was not a
significant factor in the local skin friction coefficient.
Momentum Thickness Results
0 T'In figure 11 the incompressible momentum thickness parameter, —Tfr, is plottedx ix
for the three locations as a function of incompressible Reynolds number. At the nose
location (fig. ll(a)) the low-angle-of-attack data (square symbols) have higher momen-
tum thicknesses than the higher angle-of-attack data. These results are similar to
those reported in reference 20. When the nose-boom length of 1. 97 meters (77. 75 in-
ches) is included in the length of the run, x, the low-angle-of-attack data correspond
better with the higher angle-of-attack data but are still approximately 25 percent higher
than the von Karma'n-Schoenherr flat plate curve (ref. 21). As in reference 20, it is
thought that the higher momentum thicknesses for the low-angle-of-attack data were
caused chiefly by the nose boom and its accompanying protuberances. This suggests
that more of the flow over the nose boom and its protuberances travels along the lower
fuselage centerline at the low angles of attack, causing the boundary layer to be thicker
and to have a larger momentum thickness at the nose sensor complex location than at
the higher angles of attack.
Values of momentum thickness obtained at the rear fuselage location are shown in
figure ll(b). These data are presented with the von Karma'n-Schoenherr curve for a
flat plate to illustrate how much momentum thickness can deviate from flat plate values.
At the higher Reynolds numbers the data were about 25 percent below the von Karman-
Schoenherr curve, and at the lower Reynolds numbers the measured values were as
much as 60 percent lower. Reference 22 reports that the three vents shown in figures
3(c) and 3(d) exhaust low momentum flow into the boundary layer, which would tend to
increase the momentum thickness rather than decrease it. The canard and other
three-dimensional forebody effects may result in relatively high energy flow being
directed to the upper fuselage region, causing the apparent momentum thickness to be
lower than the flat plate curve.
At the wing location (fig. ll(c)), the data are scattered about the von Karman-
Schoenherr curve, tending to be slightly higher at the lower Reynolds numbers and
slightly lower at the higher Reynolds numbers.
Possibly a more explicit way to evaluate the influence of angle of attack and nose-
boom protuberances on the nose momentum thickness data is shown in figure 12. The
ordinate is a ratio of the values of momentum thickness determined for the data from
the nose location (fig. ll(a)) to the values of momentum thickness predicted by the
von Ka/rma/n-Schoenherr flat plate theory for corresponding Reynolds numbers. For
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comparison, a curve derived from a method used by Allen and Monta (ref. 23) is in-
cluded. This curve approximates the influence of the lower centerline contour of the
fuselage from the nose back to the boundary-layer complex. It also approximates the
effects of angle of attack. In this instance, as in reference 20, liberties were taken
with the method to permit the effects of angle of attack to be treated like deformations
of the body cross-sectional area. Thus the lower centerline contour of the fuselage
relative to the free-stream flow is accounted for in the prediction at any angle of
attack, although the local body radius is not properly simulated.
Comparison of the flight-derived data with the reference 23 curve shows that below
an angle of attack of 4° the subsonic and supersonic data are higher than the theory,
suggesting the influence of the nose boom and the accompanying protuberances. Above
an angle of attack of 4°, the subsonic data agree with the theory, but the supersonic
data are below the theory.
The momentum thickness data from the rear fuselage location were relatively
insensitive to angle of attack and are not shown.
At the wing location, angle of attack had a significant effect on momentum thickness
at supersonic speeds, as shown in figure 13. At a free-stream Mach number of approx-
imately 2.5 (flagged symbols), the leading edge is not yet experiencing supersonic
flow, so the increase in momentum loss with angle of attack might represent a rolled-
up vortex that grows with angle of attack. At subsonic speeds, leading edge separation
would also be expected to produce increasing losses with angle of attack; however, this
was not evident in the data.
Local Skin Friction Results
The local skin friction coefficients obtained in flight from the nose, rear fuselage,
and wing locations are presented as a function of Reynolds number based on momentum
thickness in figure 14. These data, representing the three methods of determining
local friction, were transposed to incompressible conditions by using the reference
temperature method described in reference 2.
For both the nose (fig. 14(a)) and rear fuselage (fig. 14(b)) locations, the local
friction coefficients at the higher Reynolds numbers tend to agree with the flat plate
values given by the von Karman-Schoenherr curve (ref. 21). The only exception is
the Preston probe data from the nose location. At the lower Reynolds numbers, how-
ever, the friction levels for these locations are significantly above the flat plate pre-
diction.
A detailed history of the flow ahead of these locations would aid in explaining the dif-
ference in the levels of friction at the lower and higher Reynolds numbers. Although this
history is not available, of related interest are the shape factor levels associated with
the local friction coefficients shown in figures 14(a) and 14(b). The shape factors of
the data for the higher Reynolds numbers, where the friction coefficients tend to agree
Hf
with the flat plate values, are similar to those for a flat plate (-=- w i). Where the
H
friction data are significantly higher than the von Karma'n-Schoenherr curve, that is,
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for the lower Reynolds numbers, the shape factors are lower than for flat plate values
Hf(-=- < 1). Qualitatively, this would be expected.
H
At the wing location (fig. 14(c)), where the flow would tend to be more two-
dimensional than at the nose or rear fuselage, the local skin friction coefficients agreed
well with the von Karman-Schoenherr flat plate theory. However, the measured shape
Hffactors were higher than would be predicted for a flat plate ( -=r > I), and lower friction
H
'levels would be expected. This benefit was not achieved, however.
It is sometimes preferable to plot skin friction coefficients as a function of Reynolds
number based on the assumed length of the turbulent run, x, as in figure 15. Again,
as before, the data were transformed to incompressible conditions. This figure shows
essentially the same results as figure 14. The data from the nose (fig. 15(a)) and rear
fuselage (fig. 15(b)) locations are higher than the von Karman-Schoenherr curve, as
they were in figure 14, for the lower Reynolds numbers. Also, for the wing location
(fig. 15(c)), where the flow is most nearly two-dimensional, the data agree well with
the two-dimensional von Karman-Schoenherr theory.
CONCLUDING REMARKS
In a flight investigation with the XB-70-1 airplane at Mach numbers up to 2. 5 and
Reynolds numbers up to 3. 6 X 10^, skin friction boundary-layer measurements were
made at three locations: (1) the lower forward fuselage centerline (nose), (2) the upper
rear fuselage centerline, and (3) the upper surface of the right wing. Three different
methods were used at each location. Skin friction force balances, Preston probes, and
boundary-layer rakes were used in conjunction with appropriate calibrations for com-
pressible flow.
For a quasi-two-dimensional flow (wing location) the local skin friction coefficients
agreed with the von Karman-Schoenherr theory when transposed to incompressible
conditions by using the reference temperature method of Sommer and Short.
The results from the three methods were in agreement except for the Preston probe
data obtained at the nose. A slight displacement of the probe from the lower centerline
may have been responsible for the discrepancy.
The influence of the nose-boom and flow-direction vanes on momentum thickness
was evident at the nose location with change in angle of attack. At the lower angles of
attack, momentum thickness was significantly higher than theoretical values because of
the thickening of the boundary layer caused by the nose-boom and flow-direction vanes.
At the higher angles of attack more of the flow was diverted away from the lower center-
line, causing the momentum thickness to be less than at the lower angles of attack.
Flight Research Center
National Aeronautics and Space Administration
Edwards, Calif., November 10, 1972
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APPENDIX
PRESSURE DISTRIBUTIONS
One of the quantities necessary to accurately predict skin friction and other
boundary-layer parameters is the pressure distribution along the flow streamline. In
this investigation, it was assumed that the flow streamline was parallel to the longi-
tudinal body axis; that is, that the flow streamline at the nose and rear fuselage loca-
tions started at the nose and continued along the lower and upper fuselage centerlines,
respectively. It was also assumed that the flow streamline for the wing location started
at the wing leading edge at butt plane 172, approximately 15.6 meters (51 feet) forward
of the boundary-layer complex.
Figure 16 shows the pressure distribution on the wing for several Mach numbers as
measured in flight and on a wind-tunnel model (unpublished data). The agreement
between the data is fair.
In figure 17 wind-tunnel pressure-distribution data for the fuselage lower surface
(ref. 24) are presented for several Mach numbers. No flight data in terms of the
distribution of pressure were available for this location; however, flight results from
an orifice near the sensor complex are included for comparison and showed good
agreement.
The wind-tunnel pressure distribution for the upper fuselage, also from refer-
ence 24, is shown in figure 18. Again, data are presented for several Mach numbers.
As on the lower fuselage, no flight data were available other than those taken near the
sensor complex. These data showed good agreement with the wind-tunnel results
except at Mach 0. 95.
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TABLE :.- MEASURED BOUNDARY-LAYER VELOCITY PROFILES
(a) Nose location; x = 5.54 m (18.2 ft)
Flight identification
1-79, t = 1 hr 40 rain
Flight conditions
M1= 1.97, a = 3.4°,
Tt = 389° K (700° R),
Tw = 362° K (651° R)
y,
cm (in. )
0. 076 (0. 030)
.381 (. 150)
.762 ( .300)
1. 080 ( . 425)
1. 709 ( . 673)
4.420 (1.740)
7.399 (2.913)
10. 02 (3. 945)
16. 33 (6. 430)
u
ul
0. 5909
. 6960
.7517
.7800
.8199
.9201
.9497
.9660
1.0000
Flight identification
1-79, t = 2 hr 15 min
Flight conditions
M1 = 0. 85, a = 3. 5°,
Tt = 284° K (512° H),
Tw = 305° K (549° R)
0.
1.
1.
4.
7.
10.
16.
y
cm
076
381
762
080
709
420
399
02
33
(in.
(0.
( .
( .
( .
( .
(1.
(2.
(3.
(6.
)
030)
150)
300)
425)
673)
740)
913)
945)
430)
u
ul
0. 6018
.6952
.7486
.7721
.8140
.8977
.9594
1. 0000
1.0000
Flight identification
1-82, t = 1 hr 55 min
Flight conditions
M1 = 2.22, a = 4. 9°,
Tt = 460° K (828° R),
Tw = 426° K (766° R)
y,
cm (in.)
0.076 (0.030)
.381 ( .150)
.762 ( .300)
1.080 ( .425)
1.709 ( . 673)
4.420 (1. 740)
7.399 (2.913)
10.02 (3.945)
16.33 (6.430)
u
ul
0. 6229
.7461
.7987
.8312
.8703
.9666
.9745
.9780
1. 0000
Flight identification
1-79, t = 1 hr 42 min
Flight conditions
M! = 2. 10, a =3.1°,
Tt = 393° K (707° R),
Tw = 362° K (651° R)
y,
cm (in. )
0. 076 (0. 030)
.381 ( . 150)
. 762 ( . 300)
1.080 ( .425)
1. 709 ( . 673)
4.420 (1. 740)
7.399 (2. 913)
10. 02 (3. 945)
16. 33 (6. 430)
u
Ul
0. 6240
.7243
.7724
.7989
.8370
.9286
.9570
.9711
1.0000
Flight identification
1-82, t = 1 hr 40 min
Flight conditions
M1 = 2. 24, a = 4. 4°,
Tt = 481° K (865° R),
Tw = 406° K (731° R)
y,
cm (in. )
0. 076 (0. 030)
.381 ( . 150)
.762 ( .300)
1.080 ( .425)
1. 709 ( . 673)
4.420 (1.740)
7.399 (2.913)
10. 02 (3. 945)
16.33 (6.430)
u
ul
0.5935
.7001
.7572
.7886
.8276
.9361
.9786
.9888
1.0000
Flight identification
1-82, t = 2 hr 02 min
Flight conditions
M1 = 2. 18, a = 4. 9°,
Tt = 458° K (825° R),
Tw = 422° K (759° R)
y,
cm (in. )
0. 076 (0. 030)
.381 ( . 150)
.762 ( .300)
1. 080 ( . 425)
1. 709 ( . 673)
4.420 (1.740)
7.399 (2. 913)
10. 02 (3. 945)
16.33 (6.430)
u
ul
0. 6152
.7377
.7954
.8298
.8682
.9714
.9749
.9778
1.0000
Flight identification
1-79, t = 1 hr 57 min
Flight conditions
Ml = 1.57, a = 2.8°,
Tt = 328° K (591° R),
Tw = 321° K (577° R)
y,
cm (in. )
0.076 (0.030)
.381 ( .150)
.762 ( .300)
1.080 ( .425)
1.709 ( .673)
4.420 (1.740)
7.399 (2.913)
10. 02 (3. 945)
16.33 (6.430)
u
ul
0.5518
.6471
. 6986
.7238
.7642
.8844
.9467
.9799
1. 0000
Flight identification
1-82, t = 1 hr 48 min
Flight conditions
M: = 2.28, a = 4.5°,
Tt = 488° K (878° R),
Tw = 426° K (766° R)
y,
cm (in. )
0.076 (0.030)
.•381 ( . 150)
.762 ( .300)
1.080 ( .425)
1.709 ( . 673)
4.420 (1.740)
7.399 (2.913)
10. 02 (3. 945)
16.33 (6.430)
u
ul
0. 6263
.7439
.7996
.8299
.8691
.9700
.9853
.9884
1. 0000
Flight identification
1-82, t = 2 hr 08 min
Flight conditions
M1 = 2. 17, Q! = 4. 6°,
Tt = 450° K (810° R),
Tw = 416° K (748° R)
y,
cm (in. )
0. 076 (0. 030)
.381 ( . 150)
. 762 ( . 300)
1.080 ( .425)
1. 709 ( . 673)
4.420 (1.740)
7.399 (2.913)
10. 02 (3. 945)
16.33 (6.430)
u
ul
0. 6133
. 7369
. 7944
.8279
.8671
.9744
. 9769
. 9783
1. 0000
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TABLE 1.- (Continued)
(a) (Concluded)
Flight identification
1-82, t a 2 hr 16 min
Flight conditions
Mj = 2. 15, a = 4.4°,
Tt = 447° K (805° R),
Tw = 414" K (746" R)
y,
cm (in. )
0.076 (0.030)
.381 ( . 150)
. 762 ( . 300)
1.080 ( .425)
1. 709 ( . 673)
4.420 (1.740)
7.399 (2.913)
10. 02 (3. 945)
16.33 (6.430)
u
"1
0. 6549
.7226
.7790
'.8134
.8508
.9618
.9755
.9785
1.0000
Flight identification
1-83, t => l hr 21 min
Flight conditions
M! = 0. 86, a = 5.3°,
Tt = 284° K (511° R),
Tw = 281° K (506° R)
y,
cm (in. )
0.076 (0.030)
.381 ( . 150)
. 762 ( . 300)
1.080 ( .425)
1. 709 ( . 673)
7.399 (2.913)
10. 22 (3. 945)
16.33 (6.430)
u
ul
0. 6562
.7420
.7979
.8275
.8716
.9715
.9860
1. 0000
Flight identification
1-82, t = 2 hr 20 min
Flight conditions
M1 = 2.13, a = 4. 1°,
Tt = 449° K (809° R),
Tw = 413° K (744° R)
y,
cm (in. )
0.076 (0.030)
.381 ( . 150)
.762 ( .300)
1. 080 ( .425)
1.709 ( . 673)
4.420 (1.740)
7.399 (2.913)
10. 02 (3. 945)
16.33 (6.430)
u
ul
0.5902
.7033
.7585
.7932
.8333
.9446
.9743
.9783
1. 0000
Flight identification
1-83, t = 2 hr 06 min
Flight conditions
Mt = 0.88, a = 5.7°,
Tt = 281° K (506° R),
Tw = 273° K (492° R)
y,
cm (in. )
0.076 (0.030)
.381 ( .150)
.762 ( .300)
1.080 ( .425)
1.709 ( .673)
7.399 (2.913)
10. 22 (3. 945)
16.33 (6.430)
u
ul
0. 6510
.7404
.7937
.8231
.8689
.9728
.9866
1.0000
Flight identification
1-82, t = 1 hr 50 min
Flight conditions
ML = 2 .26, a = 4.7°,
Tt = 479° K (863° R),
Tw = 426° K (767° R)
y,
cm (in. )
0.076 (0.030)
.381 ( . 150)
.762 ( .300)
1. 080 ( . 425)
1.709 ( . 673)
4.420 (1.740)
7.399 (2.913)
10.02 (3.945)
16.33 (6.430)
u
ul
0. 6207
.7465
.8053
.8365
.8753
.9764
.9836
.9852
1. 0000
Flight identification
1-83, t =
Flight
2 hr 40 min
conditions
Mj = 0.89, a = 4.8°,
Tt = 273° K (491° R),
Tw = 270° K (486° R)
y,
cm (in. )
0.
1.
1.
7.
10.
16.
076
381
762
080
709
399
22
33
(0.
( -
( .
( .
( .
(2.
(3.
(6.
030)
150)
300)
425)
673)
913)
945)
430)
u
ul
0. 6508
.7378
.7910
.8237
.8677
.9746
.9880
1.0000
TABLE 1.- (Continued)
(b) Rear fuselage location; x = 43.5 m (142. 1ft)
Flight identification
1-68, t = 1 hr 57 min
Flight conditions
M1 = 2. 20, a = 3. 7°,
Tt = 427° K (768° R),
Tw = 378° K (681° R)
y,
cm (in. )
0.262 (0. 103)
1.303 ( .513)
2.522 ( .993)
4. 648 (1. 830)
7. 132 (2. 808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37. 54 (14. 78)
46.51 (18.31)
55.40 (21.81)
u
ul
0. 7188
.8205
.8716
.9181
.9447
.9612
.9694
.9784
.9860
.9904
.9958
1.0000
Flight identification
1-69, t = 1 hr 55 min
Flight conditions
Mj^ = 2.44, a - 4.8°,
Tt = 475° K (855° R),
Tw = 403° K (725° R)
y,
cm (in. )
0. 262 (0. 103)
1.303 ( .513)
2. 522 ( . 993)
4. 648 (1. 830)
7.132 (2.808)
10. 85 (4. 273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
46.51 (18.31)
55.40 (21.81)
u
ul
0. 6916
.8127
.8624
.9139
.9450
.9677
.9807
.9867
.9933
.9961
1. 0000
Flight identification
1-68, t = 2 hr 14 min
Flight conditions
M1 = 2.29, a = 3.7°,
Tt = 442° K (795° R),
Tw = 388° K (698° R)
y,
cm (in. )
0.262 (0. 103)
1.303 ( .513)
2.522 ( .993)
4. 648 (1.830)
7. 132 (2. 808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0. 7215
.8214
.8734
.9204
.9456
.9601
.9695
.9764
.9844
.9886
.9949
1. 0000
Flight identification
1-69, t = 2 hr 08 min
Flight conditions
Mj = 2.39, a = 4.2°,
Tt = 466° K (838° R),
Tw = 402° K (723° R)
y,
cm (in. )
0. 262 (0. 103)
1.303 ( .513)
2. 522 ( . 993)
4. 648 (1.830)
7. 132 (2.808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
46.51 (18.31)
55.40 (21.81)
u
Ul
0. 6977
.8188
.8693
.9199
.9474
.9641
.9729
.9802
.9888
.9931
1.0000
Flight identification
1-69, t = 1 hr 47 min
Flight conditions
M1 = 2.39, a = 5. 4°,
Tt = 467° K, (841° R),
Tw = 402° K (723° R)
y,
cm
0.262
1.303
2.522
4.648
7. 132
10.85
16.04
22.39
30.00
46.51
55.40
(in.)
(0. 103)
( .513)
( .993)
(1. 830)
(2. 808)
(4. 273)
(6.313)
(8. 813)
(11.81)
(18.31)
(21.81)
u
ul
0. 6881
.8115
.8592
.9100
.9430
.9709
.9848
.9926
.9985
.9985
1.0000
Flight identification
1-70, t = 1 hr 57 min
Flight conditions
ML = 2.43,
Tt = 479° K (863° R),
Tw = 403° K (726° R)
y,
cm (in. )
0.262 (0. 103)
1.303 ( .513)
2. 522 ( . 993)
4.648 (1.830)
7. 132 (2. 808)
10. 85 (4. 273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37. 54 (14. 78)
46.51 (18.31)
55.40 (21.81)
u
ul
0.7124
.8264
.8732
.9241
.9522
.9707
.9806
.9868
.9916
.9943
.9977
1. 0000
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TABLE 1.- (Continued)
(b) (Continued)
Flight identification
1-70, t = 2 hr 07 min
Flight conditions
ML = 2.43,
Tt = 477° K (858° R),
Tw = 406° K (730° R)
y,
cm (in. )
0.262 (0. 103)
1. 303 ( . 513)
2.522 ( . 993)
4. 648 (1. 830)
7. 132 (2. 808)
10. 85 (4. 273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0.7079
.8186
.8665
.9185
.9489
.9715
.9841
. 9894
.9946
.9954
.9992
1.0000
Flight identification
1-74, t = 1 hr 56 min
Flight conditions
Mx = 0.48, a = 8. 1°,
Tt = 317° K (570°R),
Tw = 293° K(527° R)
y,
cm (in. )
0. 262 (0. 103)
1. 303 ( . 513)
2. 522 ( . 993)
4. 648 (1.830)
7. 132 (2. 808)
10. 85 (4. 273)
16. 04 (6. 313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0. 8042
.8205
.8237
.8395
.8458
.8877
.9050
.9672
.9749
1.0000
1. 0000
1. 0000
Flight identification
1-70, t = 2 hr 16 min
Flight conditions
Ml = 2.35,
Tt = 464° K (835° R),
Tw = 403° K (725° R)
y,
cm (in. )
0. 262 (0. 103)
1.303 ( .513)
2. 522 ( . 993)
4.648 (1.830)
7.132 (2.808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37. 54 (14. 78)
46.51 (18.31)
55.40 (21.81)
u
ul
0.7210
.8304
.8784
.9265
.9508
.9658
.9745
.9801
.9875
.9901
.9971
1. 0000
Flight identification
1-74, t = 2 hr 05 min
Flight conditions
M1 = 0. 44, a =8. 2°,
Tt = 323° K (581° R),
Tw = 301° K (541° R)
y,
cm (in. )
0.262 (0. 103)
1.303 ( .513)
2.522 ( .993)
4. 648 (1. 830)
7. 132 (2. 808)
10.85 (4.273)
16. 04 (6. 313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0.6169
.7221
.7648
.8118
.8425
.8845
.9031
.9645
.9700
1.0000
1. 0000
1.0000
Flight identification
1-74, t = 1 hr 24 min
Flight conditions
Mj = 0. 49, a = 8. 3°,
Tt = 323° K (581° R),
Tw = 301° K (541° R)
y
cm
0.262
1. 303
2.522
4.648
7.132
10.85
16. 04
22.39
30.00
37.54
46.51
55.40
(in.)
(0. 103)
( .513)
( . 993)
(1.830)
(2. 808)
(4.273)
(6.313)
(8.813)
(11.81)
(H. 78)
(18.31)
(21.81)
u
ul
0. 6364
.7320
.7761
. 8229
. 8505
.8898
. 9074
.9622
.9735
1.0000
1.0000
1. 0000
Flight identification
1-74, t = 2 hr 26 min
Flight conditions
M1 = 0. 39, a = 8. 7°,
Tt = 324° K (584° R),
Tw = 301° K (541° E)
y,
cm (in. )
0.262 (0. 103)
1.303 ( .513)
2.522 ( .993)
4. 648 (1.830)
7. 132 (2.808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0. 6241
.7288
.7708
.8187
.8475
.8868
.9019
.9630
.9560
1. 0000
1. 0000
1. 0000
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TABLE 1.- (Continued)
(b) (Continued)
Flight identification
1-77, t = Ihr 56 min
Flight conditions
M1 = 2. 12, a = 3. 7°,
Tt = 444° K (800° R),
Tw = 386° K (694° R)
y,
cm (in. )
0. 262 (0. 103)
1.303 ( .513)
2.522 ( .993)
4. 648 (1. 830)
7. 132 (2. 808)
10. 85 (4. 273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55. 40 (21. 81)
u
ul
0. 7293
.8219
.8718
.9225
.9481
.9649
.9712-
.9845
.9892
.9952
.9989
1. 0000
Flight identification
1-78, t = 1 hr 50 min
Flight conditions
Mx = 2.26, a = 5.1°,
Tt = 449° K (808° R),
Tw = 388° K (699° R)
y,
cm (in. )
0.262 (0. 103)
1. 303 ( .513)
2. 522 ( . 993)
4. 648 (1. 830)
7. 132 (2. 808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37. 54 (14. 78)
46.51 (18.31)
55.40 (21.81)
u
ul
0.7124
.8146
.8657
.9179
.9481
.9703
.9809
.9909
.9919
.9967
.9991
1.0000
Flight identification
1-77, t = 2 hr 00 min
Flight conditions
M1 = 2. 20, a = 4.1°,
Tt = 458° K (824° R),
Tw = 397° K (714° R)
y,
cm (in. )
0.262 (0.103)
1.303 ( .513)
2. 522 ( . 993)
4. 648 (1. 830)
7. 132 (2.808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0.7308
.8198
.8699
.9203
.9472
.9657
.9721
.9847
.9921
.9948
.9985
1.0000
Flight identification
1-78, t = 1 hr 55 min
Flight conditions
M: = 2.30, a = 5. 3°,
Tt = 452° K(814° R),
Tw = 392° K (705° R)
y,
cm (in. )
0.262 (0. 103)
1.303 ( .513)
2. 522 ( . 993)
4.648 (1.830)
7. 132 (2.808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0.7087
.8094
.8618
.9133
.9448
.9674
.9794
.9897
.9921
.9973
.9982
1. 0000
Flight identification
1-77, t = 2 hr 07 min
Flight conditions
Ml = 2. 30, a = 3. 9°,
Tt = 481' K (865° R),
Tw = 408° K (734° R)
y,
cm (in. )
0.262 (0.103)
1.303 ( .513)
2.522 ( .993)
4.648 (1.830)
7. 132 (2. 808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31) .
55.40 (21.81)
u
ul
0. 7408
.8284
.8789
.9293
.9530
.9659
.9703
.9807
.9859
.9924
.9966
1. 0000
Flight identification
1-78, t = 2 hr 03 min
Flight conditions
M1 = 2 . 2 7 , a = 4. 8°,
Tt = 448° K (807° R),
Tw = 396° K (713° R)
y,
cm (in. )
0.262 (0. 103)
1.303 ( .513)
2.522 ( .993)
4. 648 (1. 830)
7. 132 (2.808)
10.85 (4.273)
16.04 (6.313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
Ul
0.7165
.8166
.8683
. 9207
.9494
.9693
.9789
.9885
. 9900
.9953
.9995
1.0000
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TABLE 1.- (Continued)
(b) (Continued)
Flight identification
1-78, t = 2 hr 09 min
Flight conditions
M =2.41, a = 4. 5°,
Tt = 473° K (852° R),
Tw = 407° K (733° R)
y,
cm (in. )
0. 262 (0. 103)
1.303 ( .513)
2. 522 ( . 993)
4. 648 (1. 830)
7. 132 (2. 808)
10.85 (4.273)
16. 04 (6. 313)
22.39 (8.813)
30.00 (11.81)
37.54 (14.78)
46.51 (18.31)
55.40 (21.81)
u
ul
0. 7313
.8220
.8748
.9268
.9534
.9683
.9763
.9853
.9892
.9934
.9963
1.0000
Flight identification
1-82, t= Ihr 40 min
Flight conditions
M1 = 2. 35, or = 4. 4°,
Tt = 481° K (865° R),
Tw = 399° K (719° R)
y,
cm (in. )
0.300 (0. 118)
1.270 ( .500)
2.464 ( .970)
4. 605 (1.813)
7. 145 (2. 813)
10. 32 (4. 063)
15.34 (6.038)
22. 39 (8. 813)
30.00 (11.81)
37.59 (14.80)
46.48 (18.30)
55. 32 (21. 78)
u
ul
0.7285
.8274
.8790
.9306
.9565
.9708
.9778
.9866
.9930
.9954
.9981
1. 0000
Flight identification
1-79, t = 1 hr 14 min
Flight conditions
Ml = 0. 97, a = 4. 9°,
Tt = 268° K (483° R),
Tw = 268° K {483° R)
y,
cm (in. )
0.300 (0. 118)
1.270 ( .500)
2.464 ( .970)
4.605 (1.813)
7. 145.(2. 813)
10. 32 (4. 063)
15. 34 (6. 038)
22.39 (8.813)
30.00 (11.81)
37. 59 (14. 80)
46.48 (18.30)
55.32 (21.78)
u
ul
0. 6271
.7274
.7727
.8153
.8413
.8725
.8982
.9310
.9491
.9729
.9867
1. 0000
Flight identification
1-82, t = 1 hr 48 min
Flight conditions
M1 = 2.42, a = 4. 5°,
Tt = 488° K (878° R),
Tw = 409° K (736° R)
y,
cm (in. )
0. 300 (0. 118)
1.270 ( .500)
2.464 ( .970)
4.605 (1.813)
7. 145 (2.813)
10. 32 (4. 063)
15.34 (6.038)
22.39 (8.813)
30.00 (11.81)
37.59 (14.80)
46.48 (18.30)
55.32 (21.78)
u
ul
0. 7281
.8243
.8739
.9254
.9537
.9703
.9793
.9883
.9931
.9964
.9979
1. 0000
Flight identification
1-79, t= 1 hr 40 min
Flight conditions
M1 = l. 94, a = 3. 4°,
Tt= 389° K(700° P),
TW = 355° K (639° R)
y,
cm (in. )
0.300 (0. 118}
1.270 ( .500)
2. 464 ( . 970)
4.605 (1.813)
7. 145 (2.813)
10. 32 (4. 063)
15.34 (6.038)
22.39 (8.813)
30.00 (11.81)
37.59 (14.80)
46.48 (18.30)
55.32 (21.78)
u
ul
0. 7142
.8095
.8590
.9087
.9343
.9523
.9623
. 9742
.9812
.9914
.9980
1. 0000
Flight identification
1-82, t = 1 hr 50 min
Flight conditions
Ml = 2. 39, a = 4. 7°,
Tt= 479° K (863° R),
Tw = 408° K (735° R)
y,
cm (in. )
0. 300 (0. 118)
1.270 ( .500)
2. 464 ( . 970)
4. 605 (1.813)
7. 145 (2.813)
10.32 (4.063)
15.34 (6.038)
22.39 (8.813)
30.00 (11.81)
37.59 (14.80)
46.48 (18.30)
55.32 (21.78)
u
Ul
0.7258
.8209
.8699
.9215
.9510
.9704
.9810
.9909
.9945
.9977
.9992
1. 0000
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TABLE 1.- (Continued)
(b) (Concluded)
Flight identification
1-82, t = 1 hr 55 min
Flight conditions
M1 = 2. 28, a = 4. 9°,
Tt = 460° K (828° R),
Tw = 403° K (726° R)
. y>
cm (in. )
0.300 (0.118)
1.270 ( .500)
2.464 ( .970)
4. 605 (1. 813)
7. 145 (2. 813)
10. 32 (4. 063)
15.34 (6.038)
22.39 (8.813)
30.00 (11.81)
37. 59 (14. 80)
46. 48 (18. 30)
55.32 (21.78)
u
"1
0.7182
.8124
.8628
.9145
.9446
.9669
.9783
.9894
.9939
.9991
1.0000
1.0000
Flight identification
1-82, t = 2 hr 16 min
Flight conditions
M! = 2.29, at =4.4°,
Tt = 447° K (805° R),
Tw = 397° K (714° R)
y,
cm (in. )
0.300 (0. 118)
1. 270 ( . 500)
2. 464 ( . 970)
4. 605 (1. 813)
7.145 (2.813)
10. 32 (4. 063)
15. 34 (6. 038)
22. 39 (8. 813)
30.00 (11.81)
37.59 (14.80)
46. 48 (18. 30)
55.32 (21.78)
u
ul
0.7411
.8259
.8730
.9218
.9478
.9662
.9740
.9845
.9894
.9954
.9995
1. 0000
Flight identification
1-82, t = 2 hr 02 min
Flight conditions
Mj = 2.27, a = 4. 9°,
Tt = 458° K (825° R),
Tw = 400° K (720° R)
y,
cm (in. )
0.300 (0. 118)
1.270 ( .500)
2.464 ( .970)
4.605 (1.813)
7. 145 (2.813)
10. 32 (4. 063)
15. 34 (6. 038)
22.39 (8.813)
30.00 (11.81)
37.59 (14.80)
46.48 (18.30)
55.32 (21.78)
u
ul
0.7134
.8103
.8614
.9138
.9439
.9660
.9768
.9880
.9929
.9981
1. 0000
1.0000
Flight identification
1-82, t = 2 hr 20 min
Flight conditions
M1 = 2.24, a = 4.1°,
Tt = 449° K (809° H),
Tw = 397° K (714° R)
y,
cm (in. )
0. 300 (0. 118)
1.270 ( .500)
2.464 ( .970)
4. 605 (1. 813)
7. 145 (2. 813)
10. 32 (4. 063)
15. 34 (6. 038)
22. 39 (8. 813)
30.00 (11.81)
37.59 (14.80)
46.48 (18.30)
55.32 (21.78)
u
ul
0.7228
.8168
.8687
.9206
.9467
.9634
.9705
.9815
.9870
.9943
.9986
1. 0000
Flight identification
1-82 t = 2 hr 08 min
Flight conditions
M1 =
Tt =
T -w
2.27, a = 4. 6°,
450° K (810° R),
397° K (715° R)
y,
cm
0.300
1.270
2.464
4. 605
7. 145
10.32
15.34
22.39
30.00
37.59
46.48
55.32
(in.)
(0. 118)
( .500)
( .970)
(1.813)
(2.813)
(4. 063)
(6. 038)
(8.813)
(11.81)
(14. 80)
(18. 30)
(21.78)
u
ul
0.7183
.8127
.8637
.9158
.9441
.9648
.9745
.9852
. 9901
.9967
1. 0000
1. 0000
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TABLE 1.- (Continued)
(c) Wing location; x = 15.6 m (51.1 ft)
Flight identification
1-66, t = 2 hr 01 min
Flight conditions
M1 = 2.12, a = 4.3°,
Tt = 410° K (738° R),
Tw = 371° K (667° R)
y,
cm (in. )
1.300 (0.512)
1. 913 ( . 753)
2.527 ( .995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3.637)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0.7301
.7623
.7842
.8017
.8191
.8741
.9219
.9771
.9873
1. 0000
Flight identification
1-68, t = 2 hr 14 min
Flight conditions
M1 = 2.41, a = 3.7°,
Tt = 442° K (795° R),
Tw = 371° K (668° R)
y,
cm (in. )
0. 699 (0. 275)
1. 303 ( . 513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1. 233)
3.726 (1.467)
6. 167 (2. 428)
9. 238 (3. 637)
12. 26 (4. 828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 6905
.7323
.7546
.7734
.7948
.7971
.8598
.9124
.9465
.9556
1.0000
1.0000
Flight identification
1-66, t = 2 hr 04 min
Flight conditions
Mt = 2. 15, a = 4. 3°,
Tt = 411° K (739° R),
Tw = 364° K (655° R)
y,
cm (in. )
1.300 (0.512)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3. 637)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
Ul
0. 7495
.7801
.7994
.8166
.8311
.8836
.9288
.9824
.9916
1.0000
Flight identification
1-69, t = 1 hr 47 min
Flight conditions
M1 = 2.48, a = 5. 4°,
Tt = 467° K (841° R),
Tw = 329° K (593° R)
y,
cm (in. )
0.699 (0.275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9.238 (3.637)
12. 26 (4. 828)
15.40 (6.061)
22.03 (8.673)
31.04 (12.22)
u
ul
0.6980
.7363
.7604
.7786
.7946
.8044
.8526
.8947
..- 9438
.9610
.9962
1. 0000
Flight identification
1-66, t = 2 hr 18 min
Flight conditions
MI= 1.72, a = 3.4°,
Tt = 340° K (612° R),
Tw = 331° K (595° R)
y,
cm (in. )
1. 300 (0.512)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3. 637)
15.40 (6.061)
22.03 (8.673)
31.04 (12.22)
u
ul
0.7411
.7697
.7885
.8093
.8207
.8772
.9293
.9890
.9971
1. 0000
• Flight identification
1-69, t = 1 hr 56 min
Flight conditions
M1 = 2. 53, a = 4. 8°,
Tt = 475° K (855° R),
Tw = 346° K ,(622° R)
y,
cm (in. )
0.699 (0.275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9.238 (3.637)
12.26 (4.828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0.6940
.7351
.7567
.7705
.7921
.7931
.8474
.8850
.9309
.9411
. 9902
1.0000
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TABLE 1.- (Continued)
(c) (Continued)
Flight identification
1-69, t = 2 hr 08 min
Flight conditions
Mj = 2. 51, a = 4.1°,
Tt = 464° K (836° R),
Tw = 368° K (662° R)
y,
cm (in. )
0. 699 (0. 275)
1.303 ( .513)
1. 913 ( . 753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9. 238 (3. 637)
12.26 (4.828)
15.40 (6.061)
22.03 (8.673)
31.04 (12.22)
u
ul
0.7265
.7666
.7901
.8052
.8269
.8284
.8848
.9252
.9665
.9735
1.0000
1. 0000
Flight identification
1-70, t = 2 hr 16 min
Flight conditions
M! = 2.51,
Tt = 466° K (838° R),
Tw = 417° K (751° R)
y,
cm (in. )
0. 699 (0. 275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3.132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9.238 (3.637)
12. 26 (4. 828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0.7134
.7491
.7713
.7853.
.8045
.8118
.8694
.9176
.9618
.9828
1. 0000
1. 0000
Flight identification
1-70, t = 1 hr 57 min
Flight conditions
Ml = 2.50,
Tt = 481° K (865° F),
Tw = 418° K (753° R)
y,
cm (in. )
0. 699 (0.275)
1.303 ( .513)
1.913 ( .753)
2.527 ( .995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3.637)
12. 26 (4. 828)
15.40 (6.061)
22.03 (8.673)
31.04 (12.22)
u
ul
0.7083
.7418
.7673
.7849
.7996
.8159
.8534
.8892
.9240
.9509
.9907
1.0000
Flight identification
1-74, t = 1 hr 24 min
Flight conditions
HI = 0.51, a = 8.3°,
Tt = 323° K (581° R),
Tw = 303° K (546° R)
y,
cm (in. )
0. 699 (0. 275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3.726 (1.467)
6. 167 (2.428)
9.238 (3.637)
12.26 (4.828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u '
ul
0.7190
.7672
.7900
.8119
.8357
.8784
.9342
.9474
.9774
1. 0000
1. 0000
Flight identification
1-70, t = 2 hr 07 min
Flight conditions
MI = 2.53,
Tt = 477° K (858° R),
Tw = 423° K (762° R)
y,
cm (in. )
0.699 (0.275)
1.303 ( ,513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3. 637)
12.26 (4.828)
15. 40 (6. 061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 6965
.7330
.7547
.7693
.7892
.7942
.8470
.8865
.9241
.9448
.9885
1. 0000
Flight identification
1-74, t = 1 hr 55 min
Flight conditions
M1 =
T* —
Tw
y
cm
0.699
1.303
1.913
2.527
3.726
6.167
9.238
12.26
15.40
22.03
31.04
= 0.49, a = 8.1°,
317° K (570° R),
= 295° K (531° R)
(in.)
(0.275)
( -513)
( .753)
( . 995)
(1. 467)
(2.428)
(3. 637)
(4. 828)
(6.061)
(8. 673)
(12.22)
u
ul
0. 6850
.7418
.7735
.7971
.8230
.8689
.9255
.9442
.9752
1. 0000
1. 0000
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TABLE 1.- (Continued)
(c) (Continued)
Flight identification
1-74, t = 2 hr 05 min
Flight conditions
M1 =
,
 Tt =
Tw =
0.46, Of = 8. 2°,
323° K (581° R),
303° K (546° R)
y,
cm
0.699
1.303
1.913
2.527
3.726
6. 167
9.238
12.26
15. 40
22.03
31.04
(in.)
(0. 275)
( .513)
( .753)
( .995)
(1. 467)
(2. 428)
(3. 637)
(4. 828)
(6. 061)
(8. 673)
(12,22)
u
ul
0.7145
.7643
.7877
.8072
.8322
.8738
.9265
.9450
. 9730
1.0000
1.0000
Flight identification
1-75, t= 0 hr 46 min
Flight conditions
M1 = 0. 95, a = 5. 2°,
Tt = 303° K (545° R),
Tw = 298° K (537° R)
y,
cm (in. )
0. 699 (0. 275)
1. 303 ( . 513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9. 238 (3. 637)
12.26 (4.828)
15. 40 (6. 061)
22. 03 (8. 673)
31. 04 (12. 22)
u
ul
0.7200
.7543
.7859
.8078
.8250
.8391
.8933
.9525
.9728
.9930
1. 0000
1.0000
Flight identification
1-74, t = 2 hr 26 min
Flight conditions
M1 = 0.41, a = 8. 7°,
Tt = 324° K (584° R),
Tw = 303° K (546° R)
y,
cm (in. )
0.699 (0.275)
1.303 ( .513)
1.913 ( .753)
2.527 ( .995)
3.726 (1.467)
6. 167 (2.428)
9.238 (3.637)
12.26 (4.828)
15.40 (6.061)
22.03 (8.673)
31.04 (12.22)
u
ul
0.6906
.7572
.7861
.8138
.8366
.8731
.9344
.9473
.9726
1.0000
1. 0000
Flight identification
1-75, t = 1 hr 05 min
Flight conditions
M1 = 0. 94, a = 5. 5°,
Tt = 293° K (527° R),
Tw = 288° K (519° R)
y,
cm (in. )
0. 699 (0.275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3.132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3.637)
12. 26 (4. 828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0.7247
.7578
.7899
.8110
.8269
.8408
.8932
.9450
.9685
.9917
1. 0000
1. 0000
Flight identification
1-75, t = 0 hr 32 min .
Flight conditions
M1 = 0. 53, <* = 8.9°,
Tt = 305° K (549° R),
Tw = 303° K (545° R)
y,
cm (in. )
0.699 (0.275)
1.303 ( .513)
1.913 ( .753)
2.527 ( .995)
3. 132 (1.233)
3.726 (1.467)
6.167 (2.428)
9.238 (3.637)
12. 26 (4. 828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 6940
.7367
.7645
.7881
.8024
.8137
.8618
.9183
.9391
.9768
1. 0000
1.0000
Flight identification
1-75, t = 1 hr 14 min
Flight conditions
Ml = 0. 93, a = 5. 4°,
Tt = 292° K (526° R),
Tw = 289° K (520° R)
y,
cm (in. )
0. 699 (0.275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3.132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9. 238 (3. 637)
12. 26 (4. 828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 7274
.7587.
.7894
.8107
.8266
.8406
.8898
.9423
.9642
.9906
1. 0000
1. 0000
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TABLE 1.- (Continued)
(c) (Continued)
Flight identification
1-75, t = 1 hr 21 min
Flight conditions
M1 = 0. 94, Cf = 5. 4°,
Tt = 293° K (527° R),
Tw = 289° K (521° R)
y,
cm (in. )
0. 699 (0. 275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9. 238 (3. 637)
12.26 (4.828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0.7285
.7611
.7913
.8122
.8294
.8431
.8962
.9474
.9706
.9926
1. 0000
1.0000
Flight identification
1-77, t = 1 hr 30 min
Flight conditions
MI = 0.95, a = 8.2°,
Tt = 257° K (463° R),
Tw = 274° K (494° R)
y,
cm (in. )
0.699 (0.275)
1.303 ( .513)
1. 913 ( . 753)
2.527 ( .995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9. 238 (3. 637)
12.26 (4.828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 6966
.7353
.7683
.7873
.8055
.8207
.8671
.9172
.9431
.9719
1. 0000
1. 0000
Flight identification
1-76, t = 1 hr 21 min
Flight conditions
M1 =
Tt =
Tw =
0.96, a = 5. 7°,
277° K (499° R),
277° K (499° R)
y,
cm
0.699
1.303
1.913
2. 527
3. 132
3.726
6.617
9.238
12.26
15.40
22.03
31.04
(in.)
(0.275)
( .513)
( .753)
( . 995)
(1.233)
(1.467)
(2. 428)
(3. 637)
(4. 828)
(6. 061)
(8. 673)
(12.22)
u
ul
0.7341
.7622
.7904
.8113
.8258
.8398
.8868
.9356
.9591
.9884
1. 0000
1.0000
Flight identification
1-77, t = 1 hr 56 min
Flight conditions
Mj = 2.26, a = 3.7°,
Tt = 444° K (800° R),
Tw = 392° K (705° R)
y,
cm (in. )
0. 699 (0.275)
1. 303 ( . 513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9. 238 (3. 637)
12.26 (4.828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 6944
.7239
.7538
.7717
.7879
.8010
.8502
.9011
.9344
.9681
.9986
1. 0000
Flight identification
1-76, t = 2 hr 27 min
Flight conditions
M1 = 0. 92, a = 3. 4°,
Tt = 291° K (523° R),
Tw = 287° K (517° R)
y,
cm (in.)
0. 699 (0. 275)
1.303 ( .513)
1. 913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3. 637)
12.26 (4.828)
15.04 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 7498
.7752
.8022
.8232
.8376
.8502
.8992
.9495
.9715
.9952
1.0000
1. 0000
Flight identification
1-77, t = 2 hr 00 min
Flight conditions
M1 = 2.32, a = 4.1°,
Tt = 458° K (824° R),
Tw = 406° K (730° R)
y,
cm (in. )
0.699 (0.275)
1. 303 ( . 513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2. 428)
9. 238 (3. 637)
12.26 (4.828)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0.7536
.7841
.8156
.8346
.8541
.8659
.9132
.9541
.9716
.9826
.9969
1.0000
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TABLE 1.- (Continued)
(c) (Continued)
Flight identification
1-77 t = 2 hr 07 min
Flight conditions
M!
Tt
Tw
= 2.44, a = 3. 9°,
= 481° K (865° R),
= 425° K (765° R)
y.
cm (in. )
0.699
1.303
1.913
2.527
3. 132
3.726
6.167
9.238
12; 26
15.40
22.03
31.04
(0. 275)
( .513)
( .753)
( . 995)
(1.233)
(1.467)
(2.428)
(3. 637)
(4. 828)
(6. 061)
(8. 673)
(12.22)
u
ul
0.7187
.7499
.7800
.7984
.8136
.8298
.8773
.9239
.9515
.9787
1.0000
1.0000
Flight identification
1-78, t = 2 hr 03 min
Flight conditions
M1 = 2. 34, a = 4. 8°,
Tt = 448° K (807° R),
Tw = 406° K (731° R)
y,
cm (in. )
0.699 (0.275)
1.303 ( .513)
1. 913 ( .753)
2.527 ( .995)
3. 132 (1. 233)
3.726 (1.467)
6. 167 (2. 428)
9. 238 (3. 637)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 6893
.7287
.7595
.7774
.7973
.8062
.8406
.8730
.9149
.9703
1.0000
Flight identification
1-78, t = 1 hr 50 min
Flight conditions
M1 = 2. 30, a = 5.1°,
Tt = 449° K (808° R),
Tw = 401° K (721° R)
y,
cm (in. )
0. 699 (0. 275)
1.303 ( .513)
1.913 ( .753)
2.527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3. 637)
15.40 (6.061)
22. 03 (8. 673)
31.04 (12.22)
u
ul
0. 6759
.7160
.7459
.7661
.7838
.7953
.8315
.8709
.8933
.9776
1. 0000
Flight identification
1-78, t = 2 hr 09 min
Flight conditions
M1 =
Tt =
2.52, a = 4. 5°,
473° K (852° R),
Tw = 426° K (767° R)
y,
cm
0.699
1.303
1.913
2.527
3.132
3.726
6. 167
9.238
15.40
22.03
31.04
(in.)
(0. 275)
( .513)
( . 753)
( .995)
(1.233)
(1.467)
(2. 428)
(3. 637)
(6. 061)
(8. 673)
(12.22)
u
ul
0.7179 .
.7532
.7832
.8037
.8185
.8331
.8742
.9153
.9663
.9986
1. 0000
Flight identification
1-78, t = 1 hr 55 min
Flight conditions
1^ = 2.35, a = 5. 3°,
Tt = 452° K (814° R),
Tw = 404° K (727° B)
y,
cm (in. )
0. 699 (0.275)
1.303 ( .513)
1.913 ( .753)
2. 527 ( . 995)
3. 132 (1.233)
3.726 (1.467)
6. 167 (2.428)
9.238 (3.637)
15.40 (6.061)
22. 03 (8. 673)
31.04 .(12.22)
u
ul
0. 6787
.7171
.7482
.7682
.7858
.7972
.8348
.8764
.9372
.9839
1. 0000
Flight identification
1-79, t = 1 hr 40 min
Flight conditions
M1 = 2. 06, a = 3. 4°,
Tt = 389° K (700° R),
Tw = 363° K (653° R)
y,
cm (in. )
0.739 (0.291)
1.303 ( .513)
1. 890 ( . 744)
2. 454 ( . 966)
3. 134 (1.234)
3.736 (1.471)
6. 167 (2.428)
9. 258 (3. 645)
15. 40 (6. 063)
21.52 (8.474)
30.71 (12.09)
u
ul
0. 6945
.7291
.7591
.7782
.7954
.8103
.8614
.9153
.9844
1. 0000
1.0000
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TABLE l.- (Continued)
(c) (Continued)
Flight identification
1-79, t = 1 hr 42 min
Flight conditions
M1 = 2. 06, a = 3.1°,
Tt= 393° K (707° R),
Tw = 361° K (650° R)
y,
cm (in. )
0.739 (0.291)
1.303 ( .513)
1. 890 ( . 744)
2. 454 ( . 966)
3. 134 (1. 234)
3.736 (1.471)
6. 167 (2.428)
9. 258 (3. 645)
15. 40 (6. 063)
21.52 (8.474)
30.71 (12.09)
u
ul
0.7050
.7361
.7655
.7846
.8024
.8170
.8681
.9231
.9887
.1.0000
1.0000
Flight identification
1-82, t = 1 hr 48 min
Flight conditions
M1 = 2. 51, a = 4. 5°,
Tt = 488° K (878° R),
Tw = 424° K (763° R)
y,
cm (in. )
0.739 (0.291)
1. 303 ( . 513)
1. 890 ( . 744)
2. 454 ( . 966)
3. 134 (1.234)
3.736 (1.471)
6. 167 (2. 428)
9. 258 (3. 645)
15. 40 (6. 063)
21. 52 (8. 474)
30.71 (12.09)
u
ul
0.7019
.7359
.7659
.7858
.8009
.8137
.8547
.8933
.9506
.9934
1. 0000
Flight identification
1-79, t= 2 hr 15 min
Flight conditions
Mj = 0. 92, a = 3. 5°,
Tt = 284° K (512° R),
Tw = 302° K (543° R)
y,
cm (in. )
0.739 (0.291)
1.303 ( .513)
1. 890 ( . 744)
2.454 ( .966)
3. 134 (1.234)
3.736 (1.471)
6. 167 (2. 428)
9.258 (3.645)
15.40 (6.063)
21.52 (8.474)
30.71 (12.09)
u
ul
0.7425
.7750
.8051
.8274
.8458
. 8595
.9146
.9622
1. 0000
1. 0000
1.0000
Flight identification
1-82, t= 1 hr 50 min
Flight conditions
M1 = 2. 48, a: = 4. 7°,
Tt = 479° K (863° R),
Tw = 424° K (764° R)
y,
cm (in. )
0.739 (0.291)
1. 303 ( . 513)
1. 890 ( . 744)
2. 454 ( . 966)
3.134 (1.234)
3.736 (1. 471)
6. 167 (2. 428)
9. 258 (3. 645)
15.40 (6.063)
21.52 (8.474)
30.71 (12.09)
u
ul
0. 6773
.7131
.7435
.7626
.7784
.7896
.8316
.8718
.9350
.9872
1.0000
Flight identification
1-82, t = 1 hr 40 min
Flight conditions
M1 = 2.48, a = 4. 4°,
Tt = 481° K (865° R),
Tw = 409° K (736° R)
y,
cm (in. )
0.739 (0.291)
1.303 ( .513)
1. 890 ( . 744)
2.454 ( .966)
3. 134 (1.234)
3.736 (1.471)
6. 167 (2.428)
9. 258 (3. 645)
15. 40 (6. 063)
21.52 (8.474)
30.71 (12.09)
u
ul
0. 7152
. 7499
.7778
.7970
.8124
.8262
. 8677,
.9058
.9590
.9952
1. 0000
Flight identification
1-82, t = 1 hr 55 min
• Flight conditions
Mt = 2. 34, a = 4. 9",
Tt = 460° K (828° R),
Tw = 416° K (748° R)
y,
cm (in. )
0.739 (0.291)
1. 303 ( . 513)
1. 890 ( . 744)
2.454 ( . 966)
3. 134 (1. 234)
3.736 (1.471)
6. 167 (2. 428)
9.258 (3. 645)
15.40 (6.063)
21.52 (8.474)
30.71 (12.09)
u
ul
0. 6690
.7061
.7374
.7568
.7717
.7839
.8258
.8667
.9308
.9784
1. 0000
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TABLE 1.- (Concluded)
(c) (Concluded)
Flight
1-82,
identification
L = 2 hr 02 min
Flight conditions
Ml = 2.34, « = 4. 9°,
Tt = 458 ' K (825s R),
Tw = 412J K (742= R)
\
cm
0.739
1
1
2
3
3
6
9
15
21
30
.303
.890
.454
. 134
.736
. 167
.258
.40
. 52
. 71
(in
(0.
( .
( .
( .
(1.
(1.
(2.
(3.
(6.
(8.
(12
)
291)
513)
744)
986)
234)
471)
428)
645)
063)
474)
.09)
u
ul
0. 6627
. 7003
.7318
.7518
.7681
.7791
.8210
. 8616
.9287
. 9758
1. 0000
Flight identification
1-82, = 2 hr 20 min
Flight conditions
0.
1.
1.
2.
3.
3.
6.
9
15.
21.
30.
•1 1 —
\ —
TW =
\
cm
739
303
890
454
134
736
167
258
40
52
71
2.41. n = 4. 1°.
449 K (H09= R).
407" K (732s R)
( in . )
(0.291)
( .513)
( .744)
( .966)
(1.234)
(1.471)
(2.428)
(3. (145)
(fi. 063)
(8. 474)
(12.09)
u
V
0. 7434
. 7775
. 8066
. K 2 7 7
. 8447
. 8554
. 8995
.9352
.9721
. 9932
1.0000
Flight ident i f icat ion
1-83. t = 2 hr 40 min
Flight conditions
M, = 0.93. 11 = 4.8' .
Tt = 273" K (491° R).
Tw = 272° K (489'' R)
V .
cm (in. )
0.739 (0.291)
1.303 ( .513)
1.890 ( .744)
2.454 ( .906)
3. 134 (1.234)
3.73G (1.471)
fi. 167 (2.428)
9.258 (3.645)
15.40 (6. 003)
21.52 (8.474)
30.71 (12.09)
u
ul
0. 7265
.7632
. 7939
.8156
. 8334
. 8467
. 9004
.9457
. 9955
1.0000
1.0000
Flight identification
1-82, t = 2 hr 08 min
Flight conditions
M
T
1 -
t =
TW =
1
9
0.
1.
1.
2t
•j.
3.
6.
9.
-
1.
30.
\
cm
2. 36, a = 4. (r ,
450
408
(in.
739 (0.
303
890
454
134
73(
1(17
258
40
52
7i
( .
( .
( .
(1.
(I.
(2.
(3.
(6.
(8.
(12
K (810" R).
=
 K (735 ; R)
)
291)
513)
744)
906)
234)
471)
428)
Mr,)
003)
474)
.09)
u
u l
0. 0922
. 7291
. 7580
. 7778
. 7922
. 8030
. 839(i
. 8677
. 9131
. 9<>94
1. 0000
Flight identification
1-83, t = 1 hr 21 min
Flight conditions
Mj = 0. 91. it - 5. 3°.
Tt = 2.S4" K (all" ' D),
Tw = 282' K (507° R)
y,
cm (in. )
0.739 (0.291)
1.303 ( .513)
1.890 ( .744)
2.454 ( .966)
3. 134 (1.234)
3.736 (1.471)
6. 167 (2.428)
9.258 (3.645)
15.40 (6.063)
21.52 (8.474)
30.71 (12.09)
u
u l
0.7413
.7748
.8059
. 82(12
. 8432
. 8561
.9082
. 9544
. 9951
1. 0000
1. 0000
Flight identification
1-82. t = 2 hr 16 min
Flight conditions
M , =
Tt =
2.36. <v = 4. 4°.
447" K (805" R),
Tw = 407" K (733s R)
V.
cm (in. )
0. 739
1. 303
1. 890
2. 454
3. 134
3. 736
(i. 167
9. 258
15. 40
2 1. 52
30. 7 1
(0.291)
( .513)
( .744)
( .966)
(1.234)
(1.471)
(2.428)
(3. 645)
(0.063)
(8.474)
(12.09)
u
ul
0.7105
.7428
.7716
.7915
. .8081
.8183
.8521
. 8953
.9444
.9815
1. 0000
Flight identification
1-83. t = 2 hr 06 min
Flight conditions
Mj = 0. 90. IT = 5.7°.
T, = 28T K (50<T I)).
Tw = 279- K (503s R)
y.
cm (in. )
0. 739 (0. 291)
1.303 ( . 513)
1.890 ( . 744)
2. 454 ( . 906)
3. 134 (1. 234)
3.73(1 ( 1 . 4 7 1 )
6. 167 (2.428)
9. 25K (3. (145)
15.40 (6.063)
21.52 (8.474)
30.71 (12.09)
u
~1
0.7156
. 7537
.7857
.8086
.8264
.8395
. 8952
.9424
. 9947
1.0000
1.0000
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Wing sensor complex
Rear fuselage sensor complex
5.54 (18.2) --I
Figure 2. Three-view drawing of the XB-70-1 airplane. Dimensions in meters (feet).
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(c) View looking forward, on right side, to area ahead of rear fuselage and
wing complexes.
Figure 3. Continued
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(d) View looking forward, on left side, to area ahead of rear fuselage complex.
Figure 3. Continued,
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(e) Typical screwhead roughness on the fuselage.
Figure 3. Continued.
39
Static-
pressure
orifice row
Rows of screw heads
E-16563
(f) View looking rearward to areas in front of wing and rear fuselage complexes.
Figure 3. Continued.
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(g) Typical lap joint (wing).
Figure 3. Concluded.
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Figure 4. Concluded.
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Figure 5. Concluded,
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Figure 6. Wing sensor complex with friction force balance in forward position.
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Figure 7. Two views of the XB-70-1 wing rake showing some design criteria.
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Figure 8. Comparison of data obtained with the three methods of determining
local skin friction coefficient at the three locations investigated.
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Figure 9. Typical boundary-layer velocity profiles for the three locations.
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(b) Rear fuselage; M± = 2. 24.
Figure 9. Continued.
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Figure 9. Concluded.
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Figure 10. Law-of-the-wall velocity profiles for the three locations.
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Figure 10. Continued.
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Figure 10. Concluded.
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Figure 11. Variation of the transformed ratio 9/x with transformed Reynolds
number and comparison with the von Karman-Schoenherr theory (ref. 21) for the
three locations.
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Figure 14. Variation of local skin friction coefficient with momentum thickness
Reynolds number for the three methods at the three locations and comparison
with the von Karman-Schoenherr theory (ref. 21).
58
6 > < 1 0-3 Preston probe
0.8 H
von Ka'rmah-Schoenherr
6 x i o-3 ,. Friction force balance
1.0
von Kafmah-Schoenherr
6x10 -3 . Rake
1.0
Of
T' 3
von Karman-Schoenherr
1.0
10
R
V
(b) Rear fuselage.
Figure 14. Continued.
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Figure 14. Concluded.
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Figure 15. Variation of local skin friction coefficient with Reynolds number for
the three methods at the three locations and comparison with the von Karman-
Schoenherr theory (ref. 21).
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Figure 15. Continued.
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Figure 15. Concluded.
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Figure 16. Comparison of flight and wind-tunnel-model wing pressure
distribution ahead of wing sensor complex.
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Figure 16. Continued.
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Figure 16. Concluded.
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